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(57) ABSTRACT 

Particles are distinguished from pits, voids, scratches, and 
other subsurface defects in a surface of a substrate by 
impinging the defect with polarized light and integrating 
light scattered by the defect over a wide angular range to 
produce a total integrated response. Using a P-polarUed 
incident light beam, particles are distinguished from sub- 
.<mr*>ee defects by comparing the total integrated responses, 
which vary with changes io the incident aogle. Altcmarivcly, 
the defect is impinged with a P-polarized incident beam ax 
a defined irjcideni angle, and is then impinged with an 
S-polarized beam at Che same incident angle. Total inte- 
grated responses are measured for both beams and a F-to-5 
ratio of tie responses is calculated. Particles are distin- 
guished from subsurface defects by comparing the P-to-S 
ratio to a predetermined threshold value which separates 
particles from subsurface defects. 

20 Claims, 7 Drawing Sheets 
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METHOD AND APPARATUS FOR Accordingly, recent efforts in the optical inspeciioa field 

DISTINGUISHING PARTICLES FROM ' focused od discriminating between particles and sub- 

SUBSURFACE DEFECTS ON A SUBSTRATE- surface delects such as pits, scratches, and voids. For 

USING POLARIZED LIGHT example, commonly owned U.S. Pah application Ser. No. 

. 5 08/958,230 filed Oct 27, 1997, bereby incorporated herein 
CROSS-REFERENCE TO RELATED by reference, discloses methods and apparatus for distin- 

APPU CATION guishing between piis and particles by detecting variations 

in the mtensity of scattered Kgbt with angular position 
This application claims the benefit of U.S. Provisional ^dative to the defect. 
Apphcatron Ser- No. 60/090,323 filed Jim. 23, 1998. 0 

SUMMARY OF THE INVENTION 
HELD OF THE INVENTION _ . „ . . . . . _ . 

The present invention enables cb sen mi n anon of particles 

The present invention relates to methods and apparatus and subsurface defcds by detecting changes id the total 

for performing optical inspection of smooth m:rrrufaciured intensity of light scaiiered over a wide angular range as a 
surfaces of a substrate snch as silicon wafers, magnetic is foxsctioirof ihe incident angle of. a polarized light- -b^am, or ... 

media, glass plates, or the like, so as . to detect defects as a function of the polarization of the incident beam, 

including particles on the surface and subsurface defects j n accordance with a preferred embodiment of the 

such as piis and scratches in the surface and voids below ibe invention, a method of differentiating particles and suhsur- 

surface. Mote particularly, the invention relates to methods f acc defects comprises directing a first beam of P-polarized 
and apparatus for discriminating between parades and sub- 20 Hght to impinge at a first incident angle on the surface being 

surface defects- inspected, collecting light scattered from the surface over a 

„ „ ^m^Avr predetermined area, and integrating the intensities of the 

BACKGROUND OF THE INVENTION Lnered tight over this area to form a first integrated 

Optical inspection techniques are increasingly being used response. A second beam of the P-polsrrced light is directed 
for inspecting Smooth surfaces of articles such as silicon 25 to impinge on the surface- at a second incident angle which 

wafers, computer disks, glass plates, and ihe like, for detect- is greater man the first incident angle, and light scattered 

ing very small defects. In many applications, it is desirable from the surface is collected and ihe intensities of the 

io be able to detect particles on the surface pits in the scattered light are integrated over the same area to form a 

surface, voids beneath the surface, microscopic scratches, " second integrated response. The first and second integrated 

and other types of defects. responses arc compared to determine whether a defect is a 

Optical inspection methods based on the severing of particle or a subsurface defect. Particles are Cbar^terized by 

hght from a defect have been developed and have been used ?» **** ^a tod response bemg greater than the first 

for ™m1 years as a means effecting and mapping integrated response, while subsurface defects are character- 

ror several years n mean* Wk ucwenog. mm uu^uu^ second Integrated response beina less than the 

defects and contamination on smooth surfaces. Most SUCh 3 < f tQ ov ipc s ^ ^ 

methods have not been capable of ojscrimmating between n»t integrated response. 

particles and subsurfece defects, but merely detect the In a preferred embodiment of the invention, thefirat beim 

presence of a defect and its size. * directed at an incident angle of about 5-20 degrees 

Io <*n» applicauons. however, it c*n be important to be (measured ftom the surface normal) and ^ second beam is 

abte L ^S^ pfrkcL from srmsurface^fects. For <o directed at an mcident angle of about 5D-75 decrees. Trie 

Sample in tfaeTmLnductor industry, silicon wafers that advantageously is collected over a range of 

example, ju too a ™' ra ™ ™"tv Zl77I„u T? „ o „ anfiles from negative to positive as measured from a plane 

are found to have particles on the surface after polishing can tha * - r r 

be subjected to further cleaning operations in order to cure Qormai to me surra . 

the defects. However, if the defects are pits in the surface or Various devices may be used for collecting the scattered 

voids beneath the surface, further clearing will not be * Eght and integratmgtlie inten^ the integrated 

elective for curing the defects. If the waier inspection responses. In one preferred embodiment a wide angle 

system » not capable of discrimmanng between the two collector ts used to collect the scattered light In another 

types of defects, then inevitably time and resources will be preferred embodiment, a plurality of collectors are 

ftttJtely expended attempting to remedy some defective uted over the angular range for collectnig the scattered light- 

wafcrs having pits anaVor voids. Furthermore, if the manu- so accordance with another preferred e mbod iment of the 

fachiTcr is unable to classify defects as pits or voids, it is invention, particles are distinguished " from subsurface 

. more difficult to take appropriate steps to reduce the inci- ' defects on the basis of the ratio of the integrated response 

dence of pits and voids, which typically arc caused during produced by a P -polarized incident beam to the integrated 

the bulk manufacturing of silicon from which wafers are response produced by an S-ppIarised incident beam at the 

ma de " S 5 same mcident angle. More specifically, the defect is a 

Similarly, patterned wafers are typically inspected fellow- particle if the ratio ofP-to-S integrated r^onse is greater 

ing a cdernical-mechanical polish (CMP) operation in order * predetermined value; conversely, if the P^o-S I ratio of 

to detect surface defects in t*e polished surface of the integrated response is Jess than the predetermined value, 

patterned wafer. In the course of the CMP operation, micro- then the defect is a subsurface defect such as a pit, scratch, 

SCOpiesemtcnes^ <S0 or void. Defects can be classified a* parties b^d on these 

^mi deep by 5 fan long) are Somehmes formed in the OXide ratios regardless of the composition Of the particles or Iherr 

filnt layer of the wafer. This can be CaQSed, for example, by shapes. 

contanrination of a 'polishing pad by foreign matter. It is In still another embodiment of the invention, an incident 

' important to he able to distinguish between such scratches beam containing both P-polarizcd and S-polarized light can 

and particles on ihe surface of the wafer, if the defect can be 65 be used, such as circularly crelbptically polarized light. Two 

identified as a scratch, then adjustments can be made to the collectors are disposed symmetrically On either side of the 

CMP process in order to prevent or reduce the scratching. incident plane. One of the collectors delects P-polarized 
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heht compontDW of ths scattered light, and the ottoer col- particles «jd subsurface defects on a surface of asnbsirate 

jStor detects S-polari«d light components of the scattered is broadly desiguated by reference numeral 20. The appa- 

**«. Th& PhJ^o is then used to ? classify defecu as pits ^^^^^f^^^^ 

or particles. ^ a wtidl produces light in the visible specuum. Tie 

BRIEF DESCRIPTION OF THE DRAWINGS apparatus 20 also includes a beam polarizer 25 for 

WLcr j^co^uriiv^ P-polarfeittg the source beam 24. The apparatus 20 further 

The. above and other objects, features, and advantages of ' includes suitable optics such as the. mirrors 26 and 27 

the invention will be me more apparent from the following depicted in FIG- 1, which are operable to selectively direct 

description of certain preferred embodiments thereof, when the beam 24 as a first bear* 2fl of P-polansed light so as to 

tak&n in conjunction with the accompanying drawings in impinge on a given location on the surface S at a first 

CTbic],; incident angle a, or as a sscond beam 30 of P-polari2ed light 

FIG, 1 is a schematic side clevalional view of an appa- so as io impinge on the same location on the surface S at a 

ratvs in accordance with one embodiment of the invention second incident angle p which is gjeatcr than the first angle • 

for discriminating between particles and subsurface defects; lS ^ Ii will of course be ^Ppreo^ed ^ ^ 

FIG 2 is a view sinular to FIG. 1, showing an alternative W* source 22 and ^ptic* gtndes 26 **^7 for 

t * is a vacw sumiar in x, auowiug uu m*^ » creatine the two incident beams 28 and 30, alternatively a 

embodiment of an apparatus in accordance with the urvcu- ^ ^ appTO p ria tety positioned for 

hon > „ direc ting beams at the desired incident angles. The specu- 

FIG- 3 shows a graph oh which at© plotted mathematical ^ reflected lighL2S' and 30' respectively corresponding to 

model predictions of total integrated responses (TIR) pro- 20 ^ ittcitkflt beams 2S and 30 can be collected, if desired, by 

duccd by small spheres of polystyrene latex (PSL) on the Sllitab i c collectors (not shown). However, the present inven- 

surface of a silicon substrate, for both F -polarized and tion ^ mainly ^pcemed with the light scattered by defects 

S-polaiizcd incident light beams, as functions of the incident on or in the siir&ce $, and this scattered light can be 

angle; distributed over a wide angular range. 

KG- 4 shows a graph similar to FIG. 3, but showing the ? ^ ap p ararus 20 includes a collector 36 operable for 

predicted TIR produced by small pits in The substrate sur- collecting light scattered from the surface S over a wide 

face; ' angular range 8, and detecting the intensity of the scattered 

KG. 5 shows a graph similar to FlGS- 3 and 4, comparing light that is collected. The collector 3$ may be any suitable 

the predicted HR produced by 90 rrm-diameter Spheres of 3Q device or combination of devices capable of collecting the 

silicon, alum mum, and tungsten; scattered lighi and measuring the intensity of the collected 

HG. 6 Shows a graph Similar to FIG. 5, comparing the light; for example, a wide-angle Jens or a pluraKty of lenses 

predicted TTR produced by 70 nm^diameter spheres of and/or mirrors may be used for collecting and focusing the 

silicon iron, and ALQ*; ~ scattered light opto one or more detectors. By collecting 

and various snapes, scattered light intensity referred to herein as the total inte- 

HG. 8 shows a graph similar to flG. 5, except that the d re ^ nSt 

particles are located on a 150 □rj^rnck Sir* film deposited * AprqceSSOr40 coooeciedio the collector 36 compares the 

on the surface of the silicon substrate; <o TfR * ^ cam , SpCui6ing to xhc incident beams 28 and 30 

FIG. 9 Shows a graph similar to FIG. 6, except mat the ajjd bascd m ae ^^^0^ determines whether a defect is 

particles are located On a 150 om-thick SiN film deposited ^ pjrticle or a subsurface defect. The invention relics on the 

on the surface of the silicon substrate; discovery that the HR produced by a particle on the surface 

FIG- 10 shows a graph depicrJng the predicted TIR AS 5 increases with increasing incident angle of a P-polarized 

produced' by pits of various si2es and shapes in a 120 beam. Conversely, the TTR produced by a subsurface 

nmKhicJc SiN film and m a 200 nm-tbick film on a silicon defect, such as a pit, scratch, or void, decreases with 

substrate^ • increasing incident angle. Thus, this difference in response 

FIG. 11 shows a graph depicting the predicted TTR characteristic can be used to distinguish between particles 

produced by 120 nm voids located at various depths below 5$ and subsurface defects. 

the surface of a silicon substrate; FIGS- 3-12 illustrate the effects on TIR of various defect 

FIG. 12 shows a graph conmaring the predicted TIR sizes, shapes, and particle material types for both 

produced by 90 nm-diameler spheres of silicon, ainminuiri, P-polarized and S^olanzed rodent beams, as a function of 

" and tungsten located inside a 150 nra-ihick SiN film on a the incident angle. The data plaited m FIGS. 3-12 were 

silicon substrate: 55 derived from mathematical models based on a technique 

14. -j^ ~t thow „„.a™,4 known as the discrete sources method (DSM), which has 

FIG, I* is a side elevation of another preferred emboth- ™™\ 63 cperimenta]ly in the published Kterature, 

meat of an apparatus in accordance with (be mventioa; and oeen verjnec ^e™en^y m i™ t^J*^ ™ ' ™* 

rr . Over a wide range Of particle sizes, materials, and shapes, 

Flo. 14 is a top elevation of the apparatus of FIG. 13, ^ mM ^^^y predicts an increase in TIR -with 

rvcTATT pn nc^r-PTPTTnM OF THF nRAWTNGS 60 increasing incident angle. Conversely, over a wide range of 

. DETAILED DESCRIPTION OF THE DRAWINGS ^ ^ ^ subsuiface ^ the model consistently 

•Ine invenu'on is now explained by reference to certain predicts a decrease in TIR with increasing incident angle, 

preferred embodiments thereof. It is -to be understood,. This effect has been confirmed cjmerimentajly for a 

however, that the invention is not" limited to the described Hunted number of defect types. Specifically, scatter was 

and illustrated embodiments. & measured from 100 urn-diameter polystyrene latex (PSL) 

With reference to FIG. 1, an apparatus m accordance with spheres on a silicon substrate using a AS8 nm-wavelength 

one preferred cmbodTmeut of the invention for detecting laser light source producing beama of P-pOlariaed light at 
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incident angles/of 0° and 70°. Scattered lighi was collected located beneath the surface. FIG. 10 presents the modej- 

rfiifi£ a collccD'on aperture of 42° wide centered with respect predicted TER versus incident angle for holes id a SiN film 

' to the plane of incidence at 3 £° fom the surface nomial The on a silicon subslrate. Three different geometries were 

ratio of the TIR measured at 70° incident angle to the TlR modeled: a 120 nm -diameter cylindrical hole in a 120 

measured at 0* incident angle (bcrernafxer referred id as $ nm-rhick SiN film; a truncated conical hole in a 120 

Pto/Po) was 2.11, versus \S2 predicted by toe ro^thcmadcal n m -thick SiN film, the diameter of the hole at tlie surface 

model. being 120 nm and the diameter of the hole at the base being 

A further experiment was" performed with the above- go nw; ^ a 200 nro-diamctcr cylindrical hole in a 200 

described test serup to assess the effects on TTR from nro-thick SiN film. For all three geometries, TTR decreases 

manufactured pits in the surface of a silicon subsirate. 20 ^ tfcrcasmg incident angle for both P-pcJariied and 

Although there is some uncertainly in ihe magnitude of the s-polarized light. Ir win also be noted by araparing FIGS. ^ 

1IR measurements taken due to various feclors such » slide p ajjd xo ^ fhc p,^ ratio Rt a ^ incident angle, for 

nevertheless the measured P^Pp ratio was 0.94, indicating hc * ° D ^ ^ • 

a decrease of TIR wflh increasing incident angle- Thus, the 15 shows the model-preehcteaVnR for a X20 run void c ^a*-«^ 

model predictions are borne out by ihe experimental results. at various depihs below the surfece of a silicon stu5stratc. 

FIGS. 3-12 show the results of applying ihe model to ™° resulis are ^trvely sunilar to the resuhs for the 
assess the effects that various defect and substrate param- ^oles as shown « FK*. 10. FmaUy. HO. 12 shows the 
eters have on the TO-iucideot angle rehtionsbrp. FIG. 3 M njccle^pre^ 

Shows a graph on which are ploded mathematical model 20 *? d lungstea located inside a 150 rnn-thick SiN 

predictions of TO produced by 100 rotameter and 60 film- As for U^e oU^r sur^t^ defe^, TTR decreases with 
nm^ameter spheres of PSL on the surface of a silicon f «W5 ***** «* te for P-P°l«ized and 
substrate, for both P-polaczcd and S-polanzed incident light 5-poiari2eo ngnr. 

beams, as functions of the incident angle The model indi- Based on the information in FIGS. 3-12, it will be 
cates that for a P-polariaed incidenl beam, TIR increases appreciated that piracies are distinguishable from subsur- 
witb increasing incident angle. However, wiih an face defects such as pits, Voids, and snbsui&ce particles, in 
S-polarized incident beam, TIR decreases with increasing terms of the trend of ItR wirh increasing incident angle of 
incident angle. The effect is consistenl for both the 100 nm a P-pokrized light beam- ft will also be noted that particles 
and* 00 nm PSL spheres. are distinguishable from subsurface defects in terms of the 

FIG. 4 shows a graph similar to flG. 3. but depicting the 30 F*> s ratio ofTIR a * * &™ incident angle, the P-to-S raiio 
predided TIR produced by a conical pit having a 60° being relatively larger for particles than for subsurface 
included angle termed in the surface of a silicon substrate, defects. 

a truncated conical pit 60 ran deep, and a 90* conicalpit. For Accordingly, a first meihod for a^riminaticg between 
both P -polarized and S-polariied light sources, TTR 3J particles and subsurface defects in accordance with the 
decreases with increasing incident angle. It will be noted by invention is shown in FIG. 1. The method is based on 
comparing FIGS. 3 and 4, however,- thai at a given incident irnpiogrng a region of a surtax being inspected with a beam 
angle, for example 70*, the ratio of TIR . produced by of P-polarizcd light at a first incident angle a, collecting 
P-polarizcd tight to TJR produced by $-poIarizcd light light scattered from the Surface over a wide angular range, 
(hereinafter referred to as the P-to-S ratio) is larger for 4D and integrating tie scattered right intensiiy to produce a first 
particles than it is for pits. integrated response R r The region of the surface is also 

FIGS. 5 and 6 show the model-predicted effects that the impinged with a second beam of the P-polarized light at a 
material type of a particle has on the TER-ixicidcnl angle second incident angle 0 greater than the first angle a, tho 
relationship. FIG. 5 shows predicted TIR versus incident scattered light is collected over the same angular range, and 
angle for 90 nm-diameter spherical particles of silicon, 43 the right intensity is integrated to produce a second inte- 
alurmmim, and tungsten. For all of the panicle types, TER grated response R ? . The first and second integrated 
increases with increasing incident angle using P-polarizcd responses are compared to determine whether a defect is a 
Itgnr and decreases with increasing incident angle using particle or a subsurface defect. If R, is less than R^, then the 
S-polarized light. FIG. 6 indicates that the model predicts defect is a panicle; otherwise, the defect is a subsurface 
similar results for 70 rim-diameter particles of siLLcon, iron, 5Q defect. 

and AljOj. Advantageously, the first incident angle a is about 5-20 

FIG. 1 shows the model-predicted effects thai particle degrees and the second incident angle P is about 50-75 
shape has on the TTR-incidcnr angle relationship. For degrees. However, other incident .angles may be used if 
spherical, oblate spheroidal, and distorted spherical particles desired. In some applicaiions, it may be desirable to use 
ofAljOj having equal volumes. The n^dcl indicates that TIR 55 more than two incident beams, for example three incident 
increases with increasing incident angle using P-p^ landed beams al three different incident angles. Ihe incidenl beams 
light and decreases with increasing incidenl angle using may be coplanar or in different planes. The center of the 
S-polarized light. coUecior 36 may be located on a line normal to the surface - 

FEGS. 8 and 9 are analogous to FIGS. 5 and 6, except tbal S passing through the region impinged by the incident 
the panicles are disposed on a 150 rrm-thick film of silicon 60 beams, or alternatively the center of the collector may be 
oitrid© (SiN) that is deposited on a silicon substrate. FIGS. anfrnlarly offset from the surface normal 
8 and 9 confirm that the effect particles have on the TlR- The invention also encompasses a second method and 
incidenl angle relationship is qualitatively the same lor a apparatus for distinguish ing particles from subsurface 
SiN" firm-covered silicon substrate as it is for u silicon defects, which is based on the phenomenon, noted above; 
substrate with no film. 65 chat the P-to-S ratio of TIR at a given incident angle is 

FIGS. 10-12 present model-predicted results for various greater for particles than for subsurface defects. PIG. 2 
subsurface defects including pits, voids, and particles shows an spparatus 60 suitable for practicing' the second 



PAGE 18120 ' RCVDAT 11312005 5:48:56 PM [Eastern Standard Time] ' SVR:USPT0-EFXRF-1/3 * DNIS:8729306 ' CS1D:4156930196 * DURATION (mm-ss):06-10 



03-Jan-2005 02:54pm From-PARSONS HSUE & DE RUNTZ LLP 4156930196 T-817 P. 019/020 F-372 

US 6,169,601 Bl 

method- The apparatus 60- includes a light source 6*2 oper» relative intensities of. the P-polarized and S-potarized corn- 
able to produce a light beam 6*3 and a polarizer 64 which is ppnents and zo determine whether a defect is a particle or a 
operable to selectively polarize the beam 63 from, (he Kghf subsurface defect based on the comparison. Thus, the appa- 
source 62 to produce either a P -polarized beam 66 or an rarus $0 is advantageous in that only a single source polar- 
S-polariaed beam 68- For example, the polarizer 64 may be 5 izabon and a single incident angle axe required. Although the 
rotated about its airis in order to change toe polarization of collectors 90 and 92 are shown as being physically separate, 
the output beam from Polarization to S-polarizatlon. The they can instead be ccMgured as separate portions of a 
light source 62 and polarizer (54 arc ananged to direct an single collector device disposed symmetrically about the 
' incident beam 66, 68 to impinge on the surface $ at an incident plane. 

incident angle 6,. The apparatus 60 further includes a l0 Based 00 the foregoing description of certain preferred 
collector 70 for collecting scattered tight over a wide angular embodiments of the invention, persons of ordinary skill in 
range, and a detector 72 upon which me collector 70 focuses * B **} ^ comprehend Various mrjdifications and 

Ihe collected tight and which detects the intensity of the substitutions of equivalents that can be made to the 
collected liffhL described embodiments- Such modifications and subsfiui- 

1 u— 1,» *i 1+ 7 « m . tioos are intended to be encompassed within the scope of the 

In operation, the ligt source 62 * used to create a beam 15 Mention a$ set form in the appended claims. ™ ~ 
63 and the polarizer 64 is positioned to produce a bcanr-66 • What ^ ^ ^ . - — 

of ^polarized Eghi .and , direct jhe beam 66 onto the surface* 1. Amethod for detecting a defect at a region on a surface 
$. The collector 70 collects (i-e., integrates} the scattered Q f a substrate and for discriminating between particle defects 
light over the wide angular range and menses the light on the ^ sy^urface defects, the method comprising; 
detectorT^and the detector 12 produces a first migrated ^ a first beam of P-pokrized light-to impinge at' 

response. The light source 62 nexi rs used to create a be*m sa id region on the surface ai a first incident ang£ 

63 and the polarizer is positioned to produce a beam ^5 of _ M +^> mwmA u„u* ™,=~4 u,. a™* h~ m ~Lr « 
S.Dolari^d 'lijdK and direct the beam 6S onto the surface S Meeting scattered hght caused by the first beam over a 

^ , _ , ; , r u^u»BUi««w ^redetermined area and mteeratinfi the intensities of the 

at the same pofat as theP-polarized beam 66. The collector TZZTu^ ™i « aa \^ iTfe™ r«™f*n^™^ 

70 coHccts and focuses ±e scattered light onto the detector * ^ **** W " 10 fonD 3 ^ 

72 which produces a second integrated response. The first ,, re ™ ' , , - _ . . , . . 

and second integrated responses are compared to determine * f«* bcam of P ^ Wd h S ht 10 

whether a defect is a particle or a subsurface defect- If the al f* d k ff° n on ? 

■P-to-S ratio Of the first to the second integrated response is mC f' m wbch 325 ^ter than the first incident 

greater than a niedetofmined value, then the defect is a $0 JL 
particle. If the P-to-S ratio is less than the predetermined collecting, scattered light caused by the second beam over 
value then the defect is a subsurface defect. said area and integrating the intensities of the scattered 

It Will be understood that although the apparatus 60 is h "^ 1 ™* * aid 10 a 

illustrated as enrploying a single kas as the collector 70, response, and 

various types' of collectors can be used insLead, including 3S comparing the first and second, integrated responses to 
multiple lenses, one Or more mirrors, or combinations of ' determine whether a delect is a particle or a subsurface 
lenses and mirrors. For example, as shown in FIG. 2, instead defect. 

of the collector 70 which is centered relative to the impinge- 2- The method of claim X, wherein the first beam is 

menl point on the surface S, a forward collector 70» may bo directed at an incident angle of about 5-20 degrees and the 

used which allows the specularly reflected beam 74 to pass 40 second beam * <& cc:Ccd ** * n uraknt angle of about 50-75 

through and which collects scattered light over a range of dc&tts relative to a normal to the surface. 

angles (e. fi ., about 6° to 19~) about the specularly reflected ^ ^csho6 of claim 1, wherein the scattered light is 

beam. Additionally, more than one detector can be used for collected over a range of angles from negate to positive 

measuring scattered light intensity at multiple locations, and relative to a plane normal to the surf ace. 

the several intf Wdually measured intensities can be inte- as 4. The method of claim 1, wherein the steps of collecting 

grated to produce a iotal integrated response. Thus, the * B scattered light comprise using a wide angle collector to 

invention is not limited to any particular collector configu- collect the light. 

raJ j OEL * 5- The method of claim 1, wherein the steps of collecting 

HGS. 13 and 14 depict an apparatus 80 in accordance toe scattered^ light comprise using a plurality of collectors io 
with yet anothcrpTeferred embodiment of the invention. The 50 collect the light- 

apparatus S.0 includes a light source 82 and a 45' polarizer * The method of cLum 1, wherem the steps ot collecting 
84 which operates upon the Kghl beam 86" ernirted by the ^ G scattered light and integrating the scattered light inten- 
light source 82 to produce an incident beam 88 which is 45* ^ ^ severed light over the pr.de - 

polarized. A pair of collectors 90 and 92 are positioned in a tcrmmed area and focusmg the captured light onto a detector 
forward^cauer region relative to the location at which the SS operable for n^asunng light mleuSity. 
incident beam 88 impinges the surface $. The collectors 90 7. A method for detecting a defect at a region on a suAce 
and'92 are respecUvely located at +4 and -4> azimuth angles °f^hstme and for dscrirrnnatnig between particle defects 
relanve to the plane of incidence (i.e., the plane Vhich is ** A s^hsurfaee detects, the method comprising: 
normal to the surface $ and contains the incident beam SS). ' clireaing a beam ofP-poW light to impoge at said 
<^of1he<»ueetOTS dc^cts- a ?-nolari2edcr^onent of the" 'so regjonon the surface at a predeieniiined incident angle; 
scattered light received by the collector and provides a collecting scattered light caused by the P-polarized beam 
' signal indicative of the intensity of the P -polarized at a plurality of locations over a wide angular range and 

component, and the -other coflector detects an S^oiarized integrating the in tensities of the scattered light from 

component 'df "the scattered light received by me collector said locations io form a first integrated response; 

and provides a signal indicative of the intensity of the 65 directing a beam of S-polarized ligbt to impinge at said 
S-pofarized component- A processor 94*eceivcs the signals region on the surface at the pi^etermined incident 

from the ceUcctois 90, 92 and £s operable to compare me 
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coDecring scattered light caused by tie S-polarized beam 
at said locations and integrating the Intensities of the 
scattered light from said locations to form a second 
integrated response; and 

comparing the first and second integrated responses to 
determine -whether a defect is a particle or a subsurface 
defect 

8. The method of claim 7, wherein the scattered light is 
collected over a range of angles from negative to positive 
relative to a plane normal Id the sarfaoo. 

9. The method of claim 7, wherein the steps of collecting 
the scattered light comprise using a wide angle collector to 
collect tpc light. 

. 10. The method of claim 7, wherein the steps of .collecting 
* the scattered Kght comprise using a plurality of collectors 
distributed oyer the angular range to collect the light. 

11. The method of claim 7, wherein the steps of collecting 
the scattered light and integrating the scattered tight inten- 
sities comprise rapturing the scattered light over the wide 
angular range and focusing the captured Tiffin onto a detector 
operable for measuring light intensity. 
* 12. An apparatus for detecting a delect at a region on a 
surface of a substrate and for discriminating between par- 
ticle defects and subsurface defects, the apparatus compris- 
ing: 

at least one light source operable to create a first beam of 
P-polarized light and direct the first beam onto the 
region of the substrate surface at a first incident angle, 
and operable to create a second beam of F-polarizcd 
light and direct the second beam onto the region of me 
substrate surface at a second incident angle greater than 
the first incident angle; 

a collection system positioned above the substrate surface 
for receiving light scattered from the surface to a 
plurality of locations distributed over a range of angles 
above the substrate surface, the Collection system being 
operable for integrating intensities of the scattered light 
over said plurality of locations to produce total inte- 
grated response Signals corresponding io the first and 
second P-polarized light beams; and 

a -processor in communication with the collection system 
and operable for comparing the total integrated 
response signal caused by the first P-polarized light 
beam wiib the total integrated response signal caused 
by the second P-polarized light beam to determine 
whether a defect is a particle or a subsurface defect. 

13. The apparatus of claim 12, wherein the collection 
system includes at least one wide angle collector; 

14. An apparatus for detecang a defect at a region on a 
Surface Of a substrate and for discriminating between par- 
dele defects and subsurface defects, the apparatus cornpris- 
ing: 

a light source operable to create a beam of P-polarized 
light and direct the Polarized light beam onto the 
region of lhe substrate surface at a predcteiTXUned 
incident angle; 

a light source operable to create a beam of S-polarized 
light and direct the S-polarized light beam onto the 
region of the substrate surface at the predetermined 
incident angle; 
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a collection system positioned above the substrate surface 
for receiving light scattered from the surface to a 
plurality of locations distributed over a range of angles 
above the substrate surface, the collection system being 
operable for irtfe^ating in tensities of the scattered light 
over said plurality of locations to produce total inte- 
grated response signals corresponding to the 
P-polarized and S-polarizcd light beams; and 
a processor in conxrjmrjication with the collection system 
and operable for comparing the total integrated 
response signal caused by the P-polarized light beam 
with the total integrated response signal caused by the 
S-rwIarieed light beam to determine whether a defect is 
a particle or a subsurface defect. 
15. The apparatus of claim 14, wherein the collection 
systcm^rnpxises at least one detector "and at least otic lens 
for collecting scattered light from said plurality of locations 
and focusing the scattered light onto said at least one 
detector. 

20 16. The apparatus of claim 14, wherein the collection 
system includes at fcast one wide angle collector. 

17. The apparatus' Df claim 14, wherein the collection 
system includes a generally annular collector having a center 
aperture, the annular collector being positioned to allow a 

25 specularly reflected beam to pass through the center aperture 
and being configured Lo collect scattered light over a Wide 
angular range about the specularly reflected beam. 

18. The apparatus of claim 14, wherein the light sources 
comprise a laser which creates a beam of laser ligbt, and a 

30 polarizer which receives the beam of laser light and is 
selectively positionable in a first position to produce a 
P-polarized light beam and jd a second position to produce 
an S -polarized light beam. 

19. An apparatus for detecting a defect at a region on a 
' surface of a substrate and for discriminating between par- 
ticle defects and subsurface defects, the apparatus compris- 
ing: 

a light source operable to create a beam of light containing 
both P-polariscd and Solarized components and to 
direct the light beam onto the region of the substrate; 
first and second collectors positioned above the surface 
syrnme Ideally on Opposite sfdes of a plane Of incidence 
that is normal to the surface and contains the incident 
bght beam, the first collector being Operable to delect 
a F-po landed component of scattered right and provide 
a signal indicative of intensity of the P-polarized 
component, the second collector being operable to 
detect an S -polarized component of scattered light and 
provide a signal indicative of intensity of the 
S-polarized component; and 
a processor which receives the signals tram the collectors 
and is operable to compare the signals and teterrrrinc 
whether a defect on the surface is a particle or a 
subsurface detect based on the comparison of the 
signals. 

20. The apparatus of claim 19, wherein the first and 
second collectors are located in a forward-scattered position 
relative to the region of the surface impinged by the incident 
light beam. 
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